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EDU 4480 Principles of Engineering
Welcome
Welcome to EDU 4480 Principles of Engineering!
This is the open educational resource for EDU4480: Principles of Engineering offered by Career
and Technology Teacher Education at City Tech. This site provides free resources about
engineering and engineering design methodology with practical making practices.
To get a quick start, please check out HOW TO NAVIGATE THIS SITE.
Anyone can use the resources uploaded on this website at zero-cost. City Tech students also
can find resources that need for the course including a syllabus, link to the textbook, lecture
materials, assignments, and all other related learning tools. Special thanks Jason Juhyun Kim
for giving us brilliant ideas and feedback.

Site License

This site is licensed under a Creative Commons Attribution-NonCommercial 4.0 International
License. You are free to share (copy and redistribute the material in any medium or format) and
adapt (remix, transform, and build upon the material for any non-commercial purpose). Under
the following terms you must give appropriate credit, provide a link to the license, and indicate if
changes were made.

Course Information
Philosophy of the Class
Philosophy of this course
This course was built on a learner-centered approach with constructivism, social cognition, and
situated cognition. This course will ask you to become an active learner. In doing so, this course
will provide less teaching from the instructor and more learning by yourself. According to the
recent publications from learning science identified the fact that learning is an active process of

seeking new knowledge rather than perceiving existing knowledge. The class will ask you to
think what you don’t know, what you want to know, and so what (how can you use the
knowledge?). The course is designed to help you develop YOUR knowledge and skills so that
you will be able to learn how to use the knowledge in your teaching as well as your daily lives.
The learning process in this approach could be challenging because sometimes you may feel
ambiguity and things look unclear. However, this open-ended learning process will help you
build not only strong content knowledge but also develop the ability to use the knowledge and
skills you learned.

Syllabus
Download EDU 4480 Syllabus Fall-2020 (.doc)

General Information
New York City College of Technology
Department of Career and Technology Teacher Education
Course Title : EDU-4480 Principles of Engineering
Credit Hours: 3
Class Meeting Times: Monday 4:15 – 7:35 pm
Instructor: Euisuk Sung, ESung@citytech.cuny.edu

Office Hours: Monday 1:00-4:00 pm
Class Format: Fully Online, Synchronous
Office Hours: Monday1-4pm or by appointment M-F 9am-5pm via Zoom

COURSE DESCRIPTION
This course is a laboratory-based capstone course designed to enable the student teacher to
study the relationship among mathematics, science and engineering. Focus is on the integration
of the content of these disciplines into the secondary school technology curriculum and to
stimulate student interest in pursuing engineering and technology careers.
Prerequisites: MAT 1375 or higher, PHYS 1112 or PHYS 1434 or PHYS 1442

COURSE OBJECTIVES
The following objectives will be connected directly to the assignments on a weekly basis to
increase your awareness of the purpose and intention behind assignments.
Upon completion of the course, students will be able to:
1. Identify real-world problems that need to be solved using technological and engineering
design.
2. Conduct design research to inform inventions and innovations that address specific
needs and wants.
3. Develop a plan that incorporates knowledge from science, mathematics, and other
disciplines to design or improve a technological product or system.
4. Use conceptual, graphical, virtual, mathematical, and physical modeling to demonstrate
the design solution.
5. Develop design solutions using advanced technological tools to solve the identified
problem.
6. Apply a broad range of making skills to their design process
7. Assess design solutions using design criteria and constraints.
8. Document the engineering design process using an online portfolio platform and share
the final design to the public.

REQUIRED TEXT AND MATERIALS
1. No textbook (Instructor will provide required materials)
2. Arduino Uno R3 Kit (microcontroller)
3. Capstone design project materials (depend on your project)

OTHER INSTRUCTIONAL RESOURCES

1. Arduino Uno R3 Learning Modules https://www.elegoo.com/download/
2. Hacking STEM https://www.microsoft.com/en-us/education/education-workshop
3. Instructables – https://www.instructables.com/

ATTENDANCE/PARTICIPATION
●
●
●
●
●
●

You will earn 10 points per class within the following guidelines. This policy begins at the
second class.
10 points awarded for students who are on time, stay on task, contribute to the overall
class discussions, and complete all required activities during each class.
9-1 points awarded for students who arrive late, do not stay on topic, and come to class
unprepared to conduct the lab activity.
0 points awarded for absence from class.
Students are allowed no more than two (2) absences.
Only excused late attendances will be allowed, but they may not exceed 30 minutes.

Please Note: The instructor has the right to award any point value between 1-10 following
the above guidelines.

EXCUSED ABSENCE
●
●
●

An excused absence must be pre-approved by the instructor
Medical absences will only be awarded when the student provides a Drs. note and
based upon appropriate situations.
Only documented emergencies or unavoidable events will be excused.

TEAMWORK
The majority of lab activities in this class (and much of what you do for the rest of your life) will
be done in teams. As such you will receive a teamwork score at the conclusion of each team
assignment.

SAFETY
1. All safety procedures and rules outlined are applicable to members of this class.
2. Approved eye protection devices must be worn at all times when using any of the power
equipment in the laboratory setting, if applicable.
3. Hearing protection will also need to be worn along with eye protection in the lab.
4. No food or drink should be brought into the fabrication lab.
5. After a lab activity, all students are responsible for cleaning up the lab.
6. If you are not confident in using a certain machine or tool, you should immediately stop
using it and report to the instructor. This will not hurt your grading.

STUDENTS WITH SPECIAL NEEDS
Qualified students with disabilities will be provided reasonable academic accommodations if
determined eligible by the Office of Students Support Services (OSSS). Prior to granting
disability accommodations in this course, the instructor must receive written verification of a
student’s eligibility from OSSS, which is located in Room A-237. It is the student’s responsibility
to initiate contact with the OSSS staff and to follow the established procedures for having the
accommodation notice sent to the instructor.

Class Structure
Upon the philosophy of the course, the course is designed for student-led, student-centered,
and design-based learning approaches. In order for the realization of the philosophy, the course
will have below class structure.

Pre-class
●

Each week, the instructor will give a small assignment. Students should complete the
assignment before entering the real-time class.

In-class
●
●
●
●
●

●

Warm Up: Ice breaker, instructor and students can share interesting things.
Pre-class Reflection: Reflect on the previous week’s class and pre-class assignments.
Lecture: Instructor will deliver course contents. Less one-way delivery, more two-way
interactions.
Hands-on: With the lecture, students will have opportunities to practice hands-on
engineering.
Critique: Students will have the chance to provide & receive feedback on the lecture and
assignments. Please reflect on “What did I learn?” “Why did I learn this?” “What does it
mean that I learn this?”
Wrap up for the day: Upon the critique, students will need to post the class reflections on
their Open Portfolio. During the class, the instructor will give students approximately 510 minutes to draw out a big picture for the weekly critique. The big picture could be
forms of questions, titles and sub titles, drawings, or mind maps.

Post-class
●

Post reflection: Each week, students should write a reflection on their Open Portfolio
based on the class discussion, critique, and reflection.

Grading Policy
EVALUATION
1. Evaluation Criteria:
○ Class Participation/Attendance
100 pts
○ Essay assignment (What is engineering?)
100 pts
○ Lab Project, 4 times, 50 pts each
200 pts
○ Online Portfolio
200 pts
○ Final Project
300 pts
○ Final Presentation
100 pts
○ Total 1000 pts
2. Grading System
○ 1000-930: A 929-900: A899-870: B+ 869-830: B
829-800: B- 799-770:
C+ 769-730: C
729-700: C- 699-600: D
Below 600: F
3. Lab Report
○ Each student should upload the lab report after each lab activity. The lab report
should include the process of your activities, outcomes, and a reflection on your
work.
4. Online Portfolio.
○ Each group of students will need to create an online portfolio website to record
your project progresses and outcomes. This class recommends you to use the
Google Sites platform for your online portfolio. Watch the video “How to create an
online portfolio site on Google Sites”

Content Outline
1. Introduction to engineering design
1.1. What is engineering, design, and engineering design?
1.2. Thinking about human-centered design
1.3. The engineering design process
1.4. Engineering method
2. Physical Fabrication
2.1. Woodworking tools
2.2. Fabrication practices
2.3. Design a wood product (only design)
3. Digital Fabrication
3.1. Arduino Basic
3.2. Controlling Arduino using C
3.3. Digital & Analog control
3.4. 3D printing & CAD (demonstration)
3.5. Laser cutting (demonstration)
4. Capstone Design Project
4.1. Problem Identification
4.2. Research on the problem

4.3. Develop solutions
4.4. Present and assess the solution.

Contact Info & Communications
Faculty Contact Info
Name: Euisuk Sung
Email address: ESung@citytech.cuny.edu
Office Hours: Monday 1:00-4:00 pm
Office Hours: Monday1-4pm or by appointment M-F 9am-5pm via Zoom

Meeting Information
Via Zoom. Zoom
https://zoom.us/j/93061924038?pwd=N3RtZ25IUFplMVhUWEV6VUU3WmJ5dz09
The zoom link needs a passcode. The passcode will be shared with the class attendants.
Students should receive an email from the instructor noting the passcode. If you want to join the
class as a guest, please contact the instructor.

Schedule
Week 1 – Intro to Principles of Engineering
Date 8/31
●
●
●

Topics: Intro to EDU 4480. Review and class policy
Pre-class: Read course syllabus, download PDF version.
In-class
○ Read the philosophy statement of this class by instructor (Sung, 2020)
○ Discuss our class philosophy and review the course syllabus.

Week 2 – What is engineering design?
Date 9/14

●
●

●

●

Topic: Introduction to engineering design
Pre-class: Read articles
○ What is Engineering? (Sung, 2020)
○ What is Design? (Sung, 2020)
○ Nature of engineering (Sung, 2020)
In-class:
○ Create an online portfolio using Google Sites by Instructor (Sung, 2020)
○ Discuss what and why questions related to engineering, design, and engineering
design.
Assignment: [Essay ] What is engineering design? So what?

Week 3 – Physical Fabrication Basic
Date 9/21
●
●
●

●

Topic: Physical Fabrication – tools and machines
Pre-class: Watch lab safety video
In-class
○ Watch YouTube video “General Lab Safety” and discuss lab safety rules.
■ What types of safety rules does the video discuss?
■ Why lab safety is so important?
■ Build our lab safety rules.
○ Sign safety contract
○ Demonstrate woodworking tools
■ Chop saw, circle saw, miter saw, drilling machines, and others.
■ Design a wood product
Assignment
○ Read article “4 Secrets to Building a Portfolio That’ll Make Everyone Want to Hire
You” by
Aja Frost
○ [Lab report 1] post your design on your online portfolio

Week 4 – Physical Fabrication Woodworking 1
Date 9/29
●
●
●

●

Topic: Physical Fabrication – woodworking 1
Pre-class: Review your design
In-class
○ Use Google Sketch-Up to Plan Woodworking Projects
○ Build the wood product (1/2)
Optional resources
○ Woodworking project beginners by Noahw
○ Woodworking project list in Instructables

○
○

Most viewed woodworking project list on Instructables
Popular woodworking project list on Instructables

Week 5 – Physical Fabrication Woodworking 2
Date 10/5
●
●
●
●

Topic: Physical Fabrication – woodworking 2
Pre-class: Plan for your making project
In-class: Build the wood product (2/2)
Assignment: [Lab report 2] Post your project report on your online portfolio.

Week 6 – Arduino Basic
Date 10/14
Topic: Digital Fabrication 1 (Arduino Basic)
●
●

Pre-class: Watch Arduino Intro video “What is Arduino?” by Programming Electronics
Academy
In-class:
○ Explain what Arduino is? What makes Arduino unique among other computing
tools?
○ Setup Arduino development environment. Watch this video “Arduino IDE Setup
Tutorial”
○ Analog input/output practices with the instructor.

Week 7 – Arduino Advanced
Date 10/19
●
●

●

Topic: Digital Fabrication 2 ( Arduino Advanced)
Pre-class
○ Research the capability of Arduino of what we can do using Arduino.
○ Google with keyword “Arduino projects” “Arduino project ideas”.
○ Visit Instructables.com and search Arduino projects.
In-class
○ Present Arduino projects that you found.
○ Discuss the working mechanism of Arduino on the projects.
○ Explore how you can use Arduino to solve real world problems.
○ Assignment: [Lab report 3] Post the research results on your online portfolio

Week 8 – 3D printing & Laser cutting
Date 10/26
●
●

●

Topic: Digital Fabrication 3 (3D printing & Laser cutting)
Pre-class
○ Watch 3D Printing video “What is 3D printing?” by Institute for Manufacturing
(IfM), University of Cambridge
○ Watch video “How does laser cutting work – Basic explained” by Trotec Laser
In-class:
○ Quick 3D design & print on 3D printer
○ Demonstrate laser cutting
○ Discuss the capabilities of 3D printer & laser cutter
○ Assignment: [Lab report 4] Post the research outcomes on your online portfolio

Week 9 – Capstone design methodology
Date 11/2
●
●

●

Topic: Capstone design project
Pre-class: Read articles
○ Engineering Method (Lasser, 2013)
○ What is Engineering Design Process (Sung, 2020)
In-class:
○ Team building
○ Build group norms
○ research methodology
○ Capstone research techniques

Week 10 – Capstone design: problem identification
Date 11/9
●
●

Topic: Capstone design 1
In-class: Problem identification & ideation

Week 11 – Capstone design: ideation
Date 11/16
●
●

Topic: Capstone design 2
In-class: Ideation & solution development

Week 12 – Capstone design: building solutions 1

Date 11/23
●
●
●

Topic: Capstone design 3
In-class: Develop the selected solution
Assignment: Project progress report on online portfolio

Week 13 – Capstone design: building solutions 2
Date 11/30
●
●

Topic: Capstone design 4
In-class: Develop the selected solution

Week 14 – Capstone design: building solutions 3
Date 12/7
●
●
●

Topic: Capstone design 5
In-class: Develop the selected solution
Project Final due Dec 7 11 pm

Week 15 – Capstone design: final presentation
Date 12/14
●
●

Topic: Final Presentation
Presentation rules
○ Each team will be given 10 minutes of presentation and followed 5 minutes of Q
& A session
○ Team will be required to present effectively. Watch the TED video “The secret
structure of great talks” by Nancy Duarte.
○ Team members will be required to dress professionally.
○ Read article “How to dress professionally”: Business Dress Core Basics written
by Linda.

Class
Week 1 – Intro to Principles of Engineering
Date 8/31
●
●

Topics: Intro to EDU 4480. Review and class policy
Pre-class: Read course syllabus, download Word version.

●

In-class
○ Via Zoom
○ The online Zoom access needs a passcode. The instructor shared the passcode
through email. If you haven’t received the email, please contact the instructor
(esung@citytech.cuny.edu)
○ PPT, Overview of this class – philosophical questions.
○ First Class Survey. Please do not do this before the class.
○ Read the philosophy statement of this class.

In this course, you will need a mindset of a problem solver. The structure of this course will have
less teaching from the instructor and more learning by yourself. Many works of literature and
learning science researchers identified one fact that learning is an active process of seeking
new knowledge rather than delivering existing knowledge. The class will ask you to think about
what you don’t know and what you want to learn. The course will help you develop YOUR
knowledge and skills that need to use in your teaching as well as your daily lives. This learning
process will be challenging because sometimes you may feel ambiguous and unclear. However,
this process is very natural and will help you to develop the ability that manages unfamiliarity.
In order to implement the philosophy, each week will have a pre-class session where you will
read some articles or will be asked to watch show lectures provided by the instructor. Then, the
majority of class hours will be used for productive discussions and hands-on activities that
cannot be done alone. The purpose of the class is to assure two things: what you don’t know
and what you want to know.
The capstone design project will be housed in the same philosophical foundation. Each team
will run similarly to the way a business would run their product development teams. This course
will use a student-centered approach where we will abandon the familiar
“lecture/homework/exam” format that you are familiar with. Students will need to engage in more
team participation and hands-on approach to learn where you become a problem solver rather
than a knowledge consumer. By designing new products, you will expand your knowledge and
skills in 21st-century skills: communication, collaboration, critical thinking, and creativity with
research skills including scientific inquiry, engineering design, and technological problemsolving. Also, this course will help you develop creative thinking skills by practicing
brainstorming; new concept generation, screening, and selection; developing solutions, and
assessing your solution. As you develop your project, you will need to document all the
processes of designing on your online portfolio platform with notes and reflections.

●

Your reflections.
1. Write three things that you want to learn about engineering.
2. For the each of your answers for 1), ask yourself two follow-up questions below
■ WHY do you want to learn about engineering?
■ What does it MEAN that you learn engineering?
3. How does doing differ from knowing?
4. In engineering, what does it mean that you know something about engineering?
5. Class discussion

Week 2 – What is engineering design?
Date 9/14
●

Topic: Introduction to engineering design

Previous Class: Week 1 – Course Overview

Pre-class:
1. Read below articles describing engineering, design, and engineering design.
2. Prepare short answers for following questions.
1. Who is an Engineer?
2. What do Engineers do?
3. What are unique features of engineering?

4. How is design similar to/different from engineering/technology?
5. From the nature of engineering, which aspect do you agree or disagree with?
Which aspect of the nature have you experienced?

1. What is Engineering? (Sung, 2020)
The term engineering is derived from the classical Latin ingenero, which means to implant,
generate, or produce something (Feinberg, 1967). It is not clear when people started using the
concept of engineering, but the Oxford English Dictionary (n.d.) describes the origin of the term
engineer as
“denoting a designer and constructor of fortifications and weapons.”
The description indicates that engineers are involved in designing or constructing physical
activities. The term engineering first began to be used in the Middle Ages to indicate builders
and operators of machines (Mitcham, 1994). In the eighteenth century, the term engineer was
evolved to indicate the operators of steam engines or military machinery. However, with the
development of new nineteenth-century technologies, some engineers adopted scientific and
mathematical knowledge to solve engineering problems, which led to the current concept of
engineering (Layton, 1971; Noble, 1979).
The Standards for Technological Literacy (STL) elaborated on the field:
“Engineers […] use a particular approach called the engineering design process.
[…] The engineering design process demands critical thinking, the application of
technical knowledge, creativity, and an appreciation of the effects of design on
society and the environment” (ITEA/ITEEA, 2000/2003/2007, p. 99).
This STL definition illustrates that engineering requires solving problems using technical
knowledge and creativity based on consideration of other societal and environmental factors.
Pahl and Beitz (2013) defined engineers as those who
“apply their scientific and engineering knowledge to the solution of technical
problems, and then optimize those solutions within the requirements and
constraints set by the material, technological, economic, legal, environmental, and
human-related considerations” (p. 1).
According to Pahl and Beitz (2013), engineering includes the use of scientific and engineering
knowledge as well as design optimization within requirements and constraints.

2. What is Design? (Sung, 2020)
Hales and Gooch (2004) noted,
“Design is something that we all do one way or another, and we all think we could
have designed things better” (p. 4).

The term design is used as a verb for making or planning something and as a noun for a plan or
product. ITEA/ITEEA (2000/2003/2007) used the term “designed world” to distinguish the
technologically created world from the natural world. Cross (2000) also noted,
“Everything around us that is not a simple untouched piece of nature has been
designed by someone” (p. 3).
These definitions of design inform a broader meaning of thinking, planning, and making
something. Additionally, the term design is used in a variety of domains: artistic sketching,
blueprint planning or building a structure.
A comprehensive understanding design is extremely challenging due to its multifaceted nature.
Lawson and Dorst (2013) argued about the nuances of design as a fundamental human activity
of creativity, analysis, problem-solving, learning, evolution, and integration. These
characteristics quite resemble the nature of engineering. Design is not a simple thought
process, but rather the result of creativity and analytical thinking. To solve design problems,
designers need to use various creativity and analytical thinking abilities. Moreover, design is not
the result of spontaneous ideation, but instead a product of continuous effort and invention.
Design requires a certain level of knowledge and skills. Designers’ abilities vary greatly
depending on their life experience and education. These characteristics make it difficult to
define design and design methodology (Dorst, 2004; Kimbell, 2009).

3. Nature of engineering (Sung, 2020)
Often people call engineering as one discipline, but it consists of multiple sub-majors, and the
each major has distinct characteristic natures. Ethnologists Latour and Woolgar (1986)
described engineering tasks as follows:
“One area of the laboratory contains various items, apparatus (section A), while the
other contains only books, dictionaries, and papers (section B)” (p. 45).
Engineers in section A are in charge of cutting, sewing, mixing, shaking, screwing, and making.
On the other hand, the engineers in section B wear white coats and spend long periods of time
at their desks. We understand the two engineering sections as one profession; however, their
“engineer” tasks are very different. Each engineer has different working styles, which might be
rooted in their different educational history or job experiences. The divergent nature of
engineering makes difficult to study the engineering design process in and of itself.
Koen (2003) argued that engineering problems feature the characteristics of change, resource,
best, and uncertainty. The change feature is explained by the argument that “engineers cause
change” (p. 11). Engineers continually deal with various changes during their problem-solving.
As noted in the definition of engineering, engineering solves problems under certain constraints
and given resources. Design problems explicitly or implicitly contain criteria and constraints that
limit the boundaries of problem-solving. Engineers also solve design problems to the best of
their ability. There is no definitively right solution to a design problem. Engineers make decisions

that influence the next phase of their problem-solving. Lastly, engineering problems are
uncertain. Real-world engineering problems lack clear definitions. When solving a problem,
engineers often begin by framing the boundary problem-solving in order to define the problem
(Buchana, 1992).
Engineering design is a social process. Bucciarelli (2003) described its social nature as
“a process which engages different individuals, each with different ways of seeing
the object of design but yet individuals who in collaboration, one with another, must
work together” (p. 9).
This quote emphasizes the sociotechnical aspect of engineering design. Engineers work as a
team on most design projects. Engineers work with other individuals who have different
experiences, cultures, and interests. The sociotechnical aspect can be extended to the client
side. Engineers communicate with their clients via design outcomes. When an engineer designs
a solution to address the problem, the client may understand the intention of the design in his or
her own way. The sociotechnical nature of engineering is a distinct feature of engineering
design.
Henry Petrosky (1992; 2006) mentioned that the nature of the failure is imperative to
engineering. He noted that the first goal of engineering is to avoid failures; necessarily,
engineers experience various failures throughout the design stages. Over the course of
engineering history, engineers have accumulated significant knowledge and experiences.
However, one cannot deny that most of this knowledge was acquired through engineers’ failures
and efforts to overcome them. Bucciarelli (2003) also noted that engineers should be tolerant of
failure because engineers cannot fully control how the process of engineering actually works.

In-class:
●
●
●

●

●

Download Class PPTs.
Warm up. Share anything related to engineering or technology.
Engineering design challenge
○ Solve this design problem within your design group.
○ Time limitation: 45 minutes.
Discuss “what” and “why” questions related to engineering, design, and engineering
design.
○ What are the relationships between technology and engineering?
○ Why does technology and engineering education need design?
○ What is the role of design in technology and engineering education?
Create an online portfolio using Google Sites by Instructor (Sung, 2020)

Post-Class:
●
●
●

Create an online open portfolio and submit the site address to Blackboard.
○ Due 9/21 5 pm.
Post a reflection on week 2 on your open portfolio.
○ Due 9/21 5 pm.
Assignment: [Essay ] What is engineering design? So what?
○ Due 9/29 11 pm
○ Submission
■ MS-Word format.
■ No title page.
■ Double-spaced less than 4 pages. (no minimum pages)
■ Assessment Rubric
■ Submit to Blackboard
■ 100 points

Week 3
Date 9/21
Topic: Physical Fabrication – tools and machines

● Pre-Class
○
○
○
○
○

Watch lab safety video
List at least five things about engineering and technology safety.
Have you had any lab safety experiences?
What else do you want to mention about lab safety?
What are special requirements for an engineering and technology lab?

● In-class
○

○
○
○
○

Watch YouTube video “General Lab Safety” and discuss lab safety rules.
■ What types of safety rules does the video discuss?
■ Why is lab safety so important?
■ Build our lab safety rules.
Sign safety contract
Demonstrate woodworking tools
Watch: 18 things every beginning woodworker should know (video)
Check your knowledge about woodworking.
■ Woodworking always helps save money (T/F)
■ Nails are necessary to joint wood pieces (T/F)
■ Planning is necessary before building (T/F)

○

○

○

○
○

■ Safety is super important (T/F)
■ Having power tools are necessary to start woodworking (T/F)
■ Perfection is impossible (T/F)
■ A big shop is necessary (T/F)
■ Woodworking is a variation of a simple box (T/F)
■ Almost every mistake can be salvaged and fixed (T/F)
■ Sanding is important: don’t slack off (T/F)
Woodworking tools demonstration
■ Introduction
■ Watch: Introduction (video)
■ Miter Saw
■ Watch: Safety and Tools (video)
■ Watch: Circular Saw demo (video)
■ Watch: Circular Saw demo 2 (video)
■ Table Saw
■ Watch Table Saw demo (video)
Grouping and group worksheet
■ Group1
■ Group2
■ Group3
Discuss your woodworking experiences (or hands-on making experiences)
■ What did you make?
■ How did you start?
■ What kinds of tools did you use?
■ What materials did you use?
■ What were the outcomes?
Break (10 minutes)
Design your woodworking project
■ Watch the below two videos and brainstorm your woodworking project.
■ Watch: Woodworking Projects for Kids: How to Build a Box (video)
■ Watch: 20 Cool Woodworking Project Ideas (video)
■ List three cool things that you found from the above videos.
■ 1) _________________________________________
■ 2) _________________________________________
■ 3) _________________________________________
■ Group activity (Groups of four)
■ Define a problem.
■ Brainstorm with this statement: Find things that you really
want to improve your daily lives. (15 minutes)
■ Follow brainstorming rules
■ Defer judgment.
■ Encourage wild ideas.
■ Build on the ideas of others.
■ Stay focused on the topic.

■ One conversation at a time.
■ Be visual.
■ Go for quantity.
■ Present the list of your problems.
■ Select one problem that your group solve through a
woodworking project.
■ Generate design ideas
■ Brainstorm design ideas
■ List design ideas
■ Evaluate design ideas and select one solution using
universal design criteria.
■ Elegance
■ Robustness
■ Aesthetics
■ Cost
■ Resources
■ Time
■ Skill required
■ Safety
Design a wood product: Illustrate your woodworking design ideas.
■ Draw your ideas
■ Free hand sketch or CAD – TinkerCAD, SketchUp, or Inventor, but freehand sketches would be okay!
■ Review your design sketches with below considerations
■ Do you have enough skills to build your solution?
■ Do you have enough tools and resources?
■ Are there anticipated technical difficulties?
Assess your design solution using CAFEQUE analysis
■ Cost: how much does the product cost? is it value for money?
■ Aesthetics: do you think the product looks good?
■ Function: what is the main function of this product?
■ Ergonomics: Is the product easy to use? Is it comfortable?
■ Quality: Is the product well made?
■ Users: Who uses this product?
■ Environment: could the product harm the environment when in use?
Present your final design solution (start at 7:00 pm)

Post-Class
●

Assignments
○ Complete your design solution. If needed, arrange your meetings.

○

○

[Lab report 1] post your design to your online portfolio. The lab report should
include
■ all the design processes including
■ Problem identification.
■ Solution generation
■ Sketches
■ Product Analysis
■ Your reflection.
Article Due: What is engineering, 9/28

Week 4
Date 9/29
●

Topic: Physical Fabrication – Woodworking 1

Pre-class:
●
●
●

Read article “4 Secrets to Building a Portfolio That’ll Make Everyone Want to Hire You”
by Aja Frost
Review your design
Review your CAD design skill. If you need additional CAD training, find a CAD tool and
learn yourself. Below are the optional training resources.
○ SketchUp for Woodworking
■ Watch: How to Model a Workbench in Sketchup // Woodworking (video)
■ Use Google Sketch-Up to Plan Woodworking Projects
○ Fusion 360 for Woodworking
■ Fusion 360 is Free for students and educators.
■ Download: Fusion 360 software
■ Watch: Fusion 360 for Woodworking Part 1 (video)

In-class:
●

Check up previous lessons.
○ Essay: What is engineering?
○ Reflection
■ Why are we learning woodworking project methods?
■ What did you learn in the previous class?
■ Safety, what does it mean to you? Do you feel safety issues? Does it
relate to your life?
■ Why are we practicing (or simulating) a woodworking project?

●

Part I: Woodworking design project
○ Review your design ideas. Then, evaluate design idea using universal design
criteria. (20 minutes). If needed, update your design idea.
■ Group 1
■ Group 2
■ Group 3
■ Universal design criteria
■ Elegance
■ Robustness
■ Aesthetics
■ Cost
■ Resources
■ Time
■ Skill required
■ Safety
○ Design a wood product: Illustrate your woodworking design ideas.
■ Draw your ideas
■ Free hand sketch first, then CAD design. SketchUp or Fusion 360. (If you
are not ready to use CAD software, this process can be skipped)
■ Review your design sketches with below considerations
■ Do you have enough skills to build your solution?
■ Do you have enough tools and resources?
■ Are there anticipated technical difficulties?
■ Until 6:15 pm
○ Assess your design solution using CAFEQUE analysis (20 minutes)
■ Cost: how much does the product cost? is it value for money?
■ Aesthetics: do you think the product looks good?
■ Function: what is the main function of this product?
■ Ergonomics: Is the product easy to use? Is it comfortable?
■ Quality: Is the product well made?
■ Users: Who uses this product?
■ Environment: could the product harm the environment when in use?
○ Make details.
■ Break out into small pieces
■ Determine its materials, size (w x d x h) – industrial products
■ Explain which tools you will use?
○ Present your final design solution (start at 6:50 pm)
■ Submission (submit through your google doc)
■ Complete the design process form on Google Doc
■ Add your sketches (hand drawing or CAD drawing) into the
Google Doc.
■ Complete CAFEQUE Evaluation.
○

Optional resources

■
■
■
■

Woodworking project beginners by Noahw
Woodworking project list in Instructables
Most viewed woodworking project list on Instructables
Popular woodworking project list on Instructables

Reflect on your project
○ What did you learn?
○ Were the strategies, skills and procedures you used effective for this project?
○ What are some things you did really well on this project?
○ Did you do an effective job of communicating my learning to others?
○ Where did you encounter struggles today, and what did you do to deal with it?
○ What about your thinking, learning, or work today brought you the most
satisfaction? Why?
○ What are your next steps? Which of those steps will come easiest? What can
you do now to navigate the road ahead with the most success?

Post-class:
●
●
●

Complete your group project #1, and post in your Open Portfolio. Do not post the Google
Doc link with the open edit permission. Make a copy or convert into a PDF file.
Write a reflection on your project.
Next week
○ Start digital fabrication.
○ Watch Arduino video posted on Week 5 (will be updated)
○ Set up your Arduino environment.
■ Prepare a physical device
■ Install required software
■ Prepare a TinkerCAD account for online Circuit design.

Week 5
Date 10/5
●

Topic: Digital Fabrication 1

Pre-class
●

●

This week we will practice two digital fabrications: 1) Machine Learning and 2) Arduino.
Machine Learning helps you to learn the concept of artificial intelligence in a simple way
that can be used in technology classrooms easily.
Pre-class #1
○ Watch the video describing Artificial Intelligence and answer the questions below.

●

■ What is Machine Learning?
■ List three examples of Machine Learning used in our daily lives?
Pre-class #2
○ Watch the Arduino Intro video “What is Arduino?” by Programming Electronics
Academy
○ Explain what Arduino is? What makes Arduino unique among other computing
tools?
○ Setup Arduino development environment. Watch this video “Arduino IDE Setup
Tutorial”

In-class
●

●

Topic 1: Machine Learning
○ Go to https://teachablemachine.withgoogle.com/
○ Watch this TeachableMachine 2.0 introductory video.
○ Go to left-top menu and click “+ New Project”

○
○

○

Select Image Project
Set a classification
■ Add classes
■ Change the name of classes
Input – upload from files or webcam

●

●

○
○
○
○

Train – Click the Train button
Test the output
Watch: Sung's Teachable Machine video (YouTube)
Your turn
■ Individual or group if you don’t have video camera
■ Select a topic
■ Classification
■ Training
■ Presentation
○ Reflection
■ What is machine learning?
■ How can we use this technique in the technology classroom?
■ What applications can we develop using this technique?
Topic 2: Arduino Basic
○ Intro to TinkerCAD Circuit
○ Watch The Arduino Simulator you’ve been looking for! video (YouTube) and
make your LED Blinker (Do not use the template provided by TinkerCAD)
○ Make a physical LED Blinker
■ Design the same circuit with the TinkerCAD project.
■ Prepare Arduino, a mini Breadboard, a red LED, a 220 resistor, two wires

●

■

Resistor 220 ohms

●

See resistor chart. https://www.electroschematics.com/resistor-color-codes/

■

Build the Blinker circuit
■ LED polarity (legs)

●

●

■
■

Connect Arduino to computer using USB cable
Program on Arduino IDE on your computer

●

■

Click the upload button (-> arrow) to send the codes to the Arduino
machine

●

○

Post-class

■ Enjoy with the Blinker!
■ Watch: LED Blinker Ex1 (YouTube)
■ Watch: LED Blinker Ex2 (YouTube)
Reflection
■ What did you learn?
■ How can you explore Arduino projects?
■ If you want to learn more about an Arduino project, where would you
start?
■ Further questions?

●

●

Assignment: [Lab report 2 – Machine Learning] Post your project report on your online
portfolio.
○ Must include
■ intro description about machine learning
■ Step by step procedure
■ Outputs
■ Use Screen Capture on your computer.
■ Reflection
Next week
○ Arduino project #2

Week 6
Date 10/14
Topic: Digital Fabrication 2 (Arduino and other basic components)

Pre-class
●

Introducing the Breadboard
○ Go to TinkerCAD learn website and find the Breadboard demonstration page
○ Follow the instructions and complete the RGB LED circuit.

●

○
○

○

In-class:

After completing this circuit, you should see the LED light turned on when you
press each of the push buttons.
If something looks wrong, please double check below.
■ Make sure that you correctly locate the required components with correct
directions.
■ The resistor used in the above example was 450 Ω.
■ Check you correctly locate the direction of push buttons. (90 º rotated)
■ Use the rotation button on the top-left corner to place the LED and push
button.
Your pre-class tasks
■ Understand how the circuit of the breadboard is designed internally.
■ Why did you use a 450 ohm register?

○

Ohms’ Law
1. Download UNO Elegoo LED Datasheets (PDF, 1.1MB)
2. In your pre-class module, you used 450 ohms. Why did you use 450
ohms?
3. V = I x R
■ Battery = 9 v
■ Recommended LED current = 0.02A
■ Required resistor?
4. In Arduino circuits
■ Arduino I/O voltage = 5 v
■ LED recommended current = 0.02A
■ Required resistor, R = V / I = 5V / 0.02A = 250

○

Programming with LED
1. Build below circuit on TinkerCAD

2.

■ Use 220 ohms resisters
3. Write program shown below

■
4. Change the rate of animation to 0.1 seconds
5. Change the order of blinking LEDs in Green, Yellow, and RED.

○

Digital Input
1. Build the circuit below using your Arduino (NOT on TinkerCAD).

2.
3. Required Components
1. 220 ohms
2. 10k ohms
3. LED
4. push button
4. Program codes shown below

5.
6. Run the codes and see what happens when you press the push button.
7. Watch: Digital Input video (YouTube)
8. Your reflections
1. How can Arduino get input?

2. Why did the code use digital input?

○

Learning sensor – Photoresistor
1. Build a physical circuit below

2.
3. Write the codes on Arduino

4.
5. Upload and test it

6. Change the amount of light that goes to the Photoresistor and see what
happens.
7. Open Serial Monitor on Arduino [Tools] – [Serial Monitor]

8.
9. Your reflections
1. In Arduino programming, how can you trace data flow while
running it?
2. How did this example get input signal? Analog? Why?

○

An application of Photoresistor, Light Detector
1. Build the circuit below by modifying the previous circuit.

2.
3. Write codes below (ignore the commented lines “// this is a comment
line”)

4.
5. Run your Arduino and see what happens
6. Your reflections
1. Explain the codes you used.
2. If you want to change the sensitivity of the photo sensor, what
parts of the codes do you need to change?
3. How can you apply this technique into real-world problem-solving?

Post-Class
●

●

●

Weekly Reflection
○ What did you learn?
○ How will you use the concepts you learned?
○ What do you want to learn more about?
Open portfolio
○ Review your Open Portfolio.
○ Instructor will review and grade your Open Portfolio this Friday.
Next week
○ Oct 19th
○ Digital fabrication 3, focused on motors and sensors.
○ Design and build an automatic hand-sanitizer dispenser.

Week 7
Date 10/19
●

Topic: Digital Fabrication 3 ( Arduino Advanced)

Pre-class
●

Learning sensor – Photoresistor
1. Build a physical circuit below
2. Components
1. 220 Ohms – for LED
2. 5k1 Ohms for Photoresistor

3.
4. Write the codes on Arduino

5.
6. Upload and test it
7. Keep this circuit and source codes. We will use them in the class.

In-class
●

Learning sensor – Photoresistor
1. Using the Arduino photoresistor built in the pre-class, change the amount of light
that goes to the Photoresistor and see what happens.
2. Watch: Photoresistor video (YouTube)
3. Open Serial Monitor on Arduino [Tools] – [Serial Monitor]

4.
5. Your reflections
1. In Arduino programming, how can you trace data flow while running it?
2. How did this example get the input signal? Analog? Why?

●

An application of Photoresistor, Light Detector
1. Project Goal: Make a light detector that turns on LED in the dark and turns off
when it is bright.
2. Use the same circuit from the previous Photoresistor example.
3. Change the previous codes to achieve the project goal. You can follow the
following steps to make your codes.
1. Read the sensor value. => sensorValue = analogRead(A0);
2. Compare if the sensorValue is greater than 200. => if (sensorValue >
200)
3. If yes, it means it is bright. Then turn off the LED => digitalWrite (13,
LOW);
4. If not, it means it is dark. Then, turn on the LED => digitalWrite (13,
HIGH);
5. wait 0.1 seconds => delay(100);
4. Sample codes

1. int sensorValue = 0;void setup()
{
pinMode(A0, INPUT);
Serial.begin(9600);pinMode(13, OUTPUT);
}void loop()
{
// read the value from the sensor
sensorValue = analogRead(A0);
// print the sensor reading so you know its range
Serial.println(sensorValue);
// map the sensor reading to a range for the LED
//analogWrite(9, map(sensorValue, 0, 1023, 0, 255));
if (sensorValue > 200)
digitalWrite(13, LOW);
else
digitalWrite(13, HIGH);
delay(100); // Wait for 100 millisecond(s)
}
5. Run your Arduino and see what happens
6. Watch: Photoresistor Light detector video (YouTube)
7. Your reflections
1. Explain the codes you used.
2. If you want to change the sensitivity of the photo sensor, what parts of the
codes do you need to change?
3. How can you apply this technique into real-world problem-solving?

●

Ultraviolet Sensor and Servo Motor
○
○
○

Goal: Build a device that moves a motor 180 degrees when it detects motions.
Watch: Ultrasonic sensor video (YouTube)
Required Components
■ Ultrasonic sensor
■ Servo motor, MicroServo 9G

○

○
○

Download the source codes and run.
■ #include<Servo.h>
int trig=8;

○

●

int echo=9;
int dt=10;
Servo servo;//int distance,duration;
void setup() {
// put your setup code here, to run once:
pinMode(trig,OUTPUT);
pinMode(echo,INPUT);
Serial.begin(9600);
servo.attach(3);
}void loop() {
// put your main code here, to run repeatedly:if (calc_dis()<10)
{
for (int i=0;i<=180;i++)
{
servo.write(i);
delay(1);
}
delay(100);
for (int i=180;i>=0;i–)
{
servo.write(i);
delay(1);
}
delay(100);
}
}//This code is written to calculate the DISTANCE using ULTRASONIC
SENSORint calc_dis()
{
int duration,distance;
digitalWrite(trig,HIGH);
delay(dt);
digitalWrite(trig,LOW);
duration=pulseIn(echo,HIGH);
distance = (duration/2) / 29.1;
Serial.println((String) “Duration: ” + duration + ” Distance: ” + distance);
return distance;
}
Upload the codes and run your Arduino. Explain how and why your Arduino
works

Project Project 3: Design an Automatic Hand-Sanitizer Dispenser.

●

Using above the Ultrasonic sensor and a servo Motor, design a hand-sanitizer
dispenser
Project details
■ Team project. Groups of four.
■ Find a Hand-Sanitizer product from the Internet.
■ Design a physical mechanism that automatically operates the dispenser
by the Ultrasonic sensor.
Lab report should include
■ a sketch for physical settings. Recommend to use TinkerCAD.
■ a circuit diagram with Arduino, source codes.
■ Anticipated outcomes
Post the report to your Open Portfolio.
Due Oct 23rd (Friday) 5pm.
Reflections
■ What did you learn?
■ How can you apply this example into real-world applications?

Post-class
○
○

Assignment: [Lab report Automatic Hand-Sanitizer], Due Oct 23rd.
Next week
■ Will start the capstone design project.
■ Grouping
■ Basic – Randomizing
■ How? Special Request?
■ Explore Arduino Project. [see next week’s Pre-Class]

Week 8
Date 10/26
●

Topic: Digital Fabrication 4 (Arduino Advanced)

Pre-class
●

1. Arduino Research
○ Research the capability of Arduino of what we can do using Arduino.
○ Search Google with the keyword phrases “Arduino projects” OR “Arduino project
ideas”.
○ Or visit Instructables.com and search Arduino projects.
○ Pre-class assignment

■

●

List top three Arduino projects interested in you. Post on your Open
Portfolio on the weekly reflection page.
■ 1) _________________________
■ 2) _________________________
■ 3) _________________________
2. Watch 3D Printing video “What is 3D printing?” by Institute for Manufacturing (IfM),
University of Cambridge
○
○ Pre-class assignment. Post on your Open Portfolio on the weekly reflection
page.
■ How does 3D printing technology change manufacturing?
■ What can you do with a 3D printer?

In-class:
●

Arduino Anatomy
○ Arduino Sensors
■ Watch: Top 10 Arduino-Sensors with Projects for Beginners video
(YouTube) and explore Arduino sensors.
■ Advanced Sensor Project (example)
■ Watch: Building machines that emulate humans video (YouTube)
■ For more information, visit Microsoft Hacking STEM
■ Go to the website The List of 21 Arduino Modules.
■ Discuss how we can use sensors in Arduino projects.

●

Arduino Outputs
○ Light
■ LEDs
■ LED strips
○ Display
■ LCD
■ 1 Digit – 7 segment display
■ 4 digit – 7 segment display
○ Sound
■ Passive Buzzer :on/off the sound
■ Active Buzzer : can control the sound signals
○ Motions
■ DC Motor: Direct current motor. In Arduino, we can control speed by
changing the duty-cycle of each PWM signal.
■ Servo Motor: a rotary actuator or linear actuator that allows for precise
control of angular or linear position

■
○

Step Motor: fully rotate with micro control of the unit because it divides a
full rotation into a number of steps.

Others

●

How to develop an Arduino project
○ Develop your design idea first. In most cases, Arduino can perform everything
that you want.
○ Think through input-process-output.
■ Identify which sensor can best perform the function of your project.
■ Identify which output can perform your desired goal.
○ Obtain mechanism of the sensor and output. In general, the module designer
provides it with its source codes.
○ Tip! Find the similar Arduino project on Google or Instructable.
○ Design circuit using TinkerCAD and test it out. However, some sensors need the
physical configuration of the Arduino circuit.

●

Project Project 3: Design an Automatic Hand-Sanitizer Dispenser.
○ Groups
○ Using above the Ultrasonic sensor and a servo Motor, design a hand-sanitizer
dispenser
○ Project details
■ Find a Hand-Sanitizer product from the Internet.
■ Design a physical mechanism that automatically operates the dispenser
by the Ultrasonic sensor.
■ Lab report should include
■ a sketch of your hand-sanitizer dispenser. Recommend to use
TinkerCAD.
■ a circuit diagram with Arduino and source codes.
■ a short description of its making processes.
■ Anticipated outcomes.
○ Post the project worksheet to your Open Portfolio. In your open portfolio, you can
share your group design, but you should write your own individual reflection and
summary.
■ Due Oct 30rd (Friday) 5pm.

●

3D Printing (if time allowed)
■ Quick 3D design & print on 3D printer.

Post-Class:
○

Assignments
■ 1. Lab report – post your Hand sanitizer project on your Open Portfolio.

■
■

2. Reflection – write a short reflection on today’s learning.
3. Prepare for Lab report 4. Arduino Project Research
■ Arduino Project (Next week)
■ Present Arduino projects that you found.
■ Discuss the working mechanism of Arduino on the
projects.
■ Explore how you can use Arduino to solve real world
problems.

Week 9
Date 11/2
●

Topic: Capstone design project

Pre-class:
■
■
■

Watch: “What is a Capstone Project?” video (YouTube)
Why a Capstone design project?
Watch: The Capstone Project | Jenn Poggi video (YouTube)

In-class:
●

Arduino Project Research
○
○
○
○

●

Pre-class activity in Week 8
In group, share what you researched on Arduino projects in the pre-class. Each
member should present three projects. List the project name below.
Random grouping: Random Group Generator
Select three projects in the group, and analyze using the Input-Process-Output
model.
■ Input: How does the project collect input? Which sensor(s) does the
project use?
■ Process: How do the input date process? Write pseudo codes for the
project.
■ Output: How does Arduino react to the input?

Capstone Project
○
○

Discuss below topics.
■ What is a capstone project?
Team building

■
■

○
○

○

○

Groups, Randomizing: Random Team Generator
Team Building Game, Aliens have landed
■ This team game needs a bit of your imagination
■ Scenario: aliens have finally landed on Earth near your home.
They don’t speak English. So, each team must pick or draw three
symbols or pictures to best describe your team.
■ Time: 10 minutes. Digitize the symbols by taking pictures or
downloading images on your computer.
Download: Capstone Project Brief (.docx)
Report Format for Capstone Design
■ Cover Page: Title, Team members and number, Course Name, Date
■ Table of Contents
■ Abstract
■ Introduction
■ Problem Formulation
■ Impact of the Project
■ Ideations
■ Design Strategy (Include options considered, ones selected, and
alternatives for risk reduction)
■ Division of tasks among team members
■ Timeline showing dependencies and major testable milestones
■ Cost (Show total cost and cost to project in separate columns if different,
eg. because of borrowed or donated items)
■ Conclusion
■ Appendices (eg. catalog copies, spec sheets, etc.)
■ References
Your milestones
■ Problem Identification: Due Nov 15 (Fri)
■ Solution Exploration: Due Nov 22 (Fri)
■ Final Submission: Due Dec 7 (Mon)
■ Final Presentation: Dec 14 (Mon)
Define the problem
■ Brainstorming (Rules as Suggested by Osborn, 1953))
■ 1. Go for Quantity: Come up with as many ideas as possible.
■ 2. Avoid Criticism: Verbal and nonverbal criticisms should be
suspended until the evaluation process begins (after
brainstorming).
■ 3. Welcome Unusual Idea: The crazier the better; you never know
where the train of thought might take you.
■ 4. Combine and Improve: The idea that “1+1=3” means that
combinations of ideas can lead to new and better ones.
■ Questions
■ What is the problem or need?
■ Who has the problem or need?

○

■ Why is it important to solve?
■ Mind Mapping
■ Mind mapping refers to a technique that designers and engineers
use to express and generate ideas. All that mind mapping really
is, however, is a way to get all of the ideas in your head down onto
paper. There is no right or wrong way to mind map. It is simply a
visual representation of the thoughts in your head, and it often
looks like organized chaos.
Research techniques
■ Case studies: in-depth investigations of a single individual, a group, or
event. There is no right or wrong method but there are some basic roles
of developing case studies.
■ Interviews: conduct interviews with experts in the field on a specific topic.
There is are general guidelines for conducting research interview
■ Product Analysis: find a product that has similar functions for your
problem. Analyze if the product needs any improvements.

Week 10
Week 10 – Capstone design: problem identification
Date 11/9
●

Topic: Capstone design 1

Pre-Class
●

Read articles
○ Engineering Method (Lasser, 2013)
○ What is Engineering Design Process?

The research trend on the engineering design process has changed depending on the
perspective of engineering. In the middle of the 20th century, research on the engineering
design process was conducted in terms of applied science. Since the 1980s, some researchers
viewed engineering as a problem-solving process. In recent years, many researchers agreed
that engineering design processes are complex and amorphous; as a result, some researchers
adopted an ethnographic approach to describe details of the engineering design process within
the specific engineering contexts. In order to understand the engineering design process, we
will review the discussions and arguments in the development of design theories.

1. Engineering Design as Applied Science

In the 1950s and 1960s, U.S. engineering education was science-oriented in its approach
(Bousbaci, 2008). Since the Second World War, a number of theory-oriented European
engineers—nuclear engineers and space engineers, in particular—moved to the United States
(Seely, 1999). The science-oriented engineering research of the time influenced the U.S.
engineering education curriculum, which primarily focused on theory-based science learning
(Grinter, 1955). Moreover, the U.S. military supported this trend by providing science-oriented
research funding (Bix, 2002). This context coincided with an engineering perspective called
applied science (Howell, 2002; Pahl & Beitz, 2013; Simon, 1975). Fletcher and Shoup (1978)
viewed engineering as
“an applied science which deals with the planning, design, construction, testing,
management or operation of facilities, machines, structures, and other devices used
by all segments of society” (Flether & Shoup, 1978, p. 2).
The applied science approach attempted to define the design process based on logical,
systematic, and rationalist views. Herbart Simon (1973) argued that a design problem can be
defined as a well-defined problem. He stated that a well-defined problem has the following
properties:
1.
2.
3.
4.

a definite criterion
at least one problem space
definable state changes, and
representable states.

According to this approach, all problems are solvable if the problem solver decomposes the
problem. On the other hand, if a problem is not solvable, its proponents believe, it is because
the problem solver was not able to define the problem. Design science theorists believed that
design processes could also be illustrated via step-by-step models that divided design
processes into distinct phases, including problem definition, analysis, ideation, and evaluation
(Simon, 1973). One representative model of this approach is Hubka’s systematic design
process model (1983). Hubka presented the design process in comparison with the technical
process, which depicted the design process as a wire drawing. For example, a design project is
a technical process where space and time variables apply. Once the design project is initiated,
the effects of human actions and technical systems lead the design process, which in turn
influences the project output. The model attempted to define the basic elements of the design
process and identify a unified design process model applicable to a variety of design tasks.
A Design Model through Technical Process Model (Hubka, 1983, p. 9). The model can be
accessed through
https://www.daaam.info/Downloads/Pdfs/proceedings/proceedings_2014/074.pdf
However, the applied science approach has failed to represent the dynamic characteristics of
design processes (Sheppard, Macatangay, Colby, & Sullivan, 2008). Rittel and Weber (1973)
argued that design problems cannot be defined by definite rules and operations. He labeled this
characteristic of design problems as wicked problems that lack definitive formulation, stopping

roles, operations, and definitive solutions. Accordingly, Dorst (2004) argued that most design
problems have the following three characteristics: 1) design problems are partly determined by
explicit needs and constraints; 2) a major part of design problems is undetermined; and 3) most
parts of design problems can be considered undetermined. The applied science approach has
contributed to the foundation of design process research, but is limited in its capacity to
represent complex, intertwined design processes.

2. Engineering Design as Problem-Solving
An alternative approach to study the design process focused on problem-solving activities
(Clarkson & Eckert, 2004; Cross, 2000; Lawson & Dorst, 2013). This approach emphasized
engineers’ problem-solving activities: generating ideas, exploring the consequences, and
evaluating the results. The underlying idea of this approach is that problem-solving plays as a
fundamental operation in human activities. Similar to the applied science approach, this idea
views the full design process as smaller sub-processes, such as conceptual design, prototyping,
and product manufacturing (Ball, Evans, Dennis, & Ormerod, 1997). The problem-solving
approach considers problem-solving as a sub-process of the design process. This approach led
to the development of design process phase models that solved engineering problems step by
step (Lawson & Dorst, 2013). The phase models allow engineers to easily generate a
comparable solution by treating the engineering design task as problem-solving.
Many researchers have investigated how engineers generate the best solution via problemsolving approach. Lawson (1979) compared the problem-solving styles of architectural
engineers and scientists and concluded that architectural engineers tended to use solutionoriented strategies, while scientists preferred to use problem-focused strategies. Lu (2015)
studied the relationship between problem-solving types and design quality. Lu compared four
problem-solving style types: problem-driven, information-driven, solution-driven, and knowledgedriven. Lu’s study concluded that the solution-driven strategies yielded more creative design
outcomes than the other types. Dorst and Cross (2001) examined the design process in terms
of creativity and confirmed that iterations between problem-space and solution-space are key to
the generation of creative ideas.
Some critics have claimed that problem-solving process models do not explain all aspects of the
design process. Bucciarelli (2003) argued that design process models depicted by shapes and
arrows can only reflect a narrow view of the design process. Engineers often experience
frustration when they try to solve a certain engineering problem according to a design process
model because the model does not work as described.

3. Engineering Design as Ethnography
The multifaceted nature of engineering has led many researchers to adopt an ethnographic
approach as a research methodology (Bucciarelli, 2003; Latour & Woolgar, 1986; Vinck, 2009).
This ethnographic research method provides a realistic description of engineering tasks within
the specific engineering contexts. Vinck (2009) used this approach to illustrate engineers’ dayto-day lives. Vinck visited engineers’ plants, design offices, and laboratories to observe what

real engineers do. Using the ethnographic approach, Vinck presented the natural characteristics
of engineering as: socio-technical complexity, negotiation and optimization, and comprehensive
job practices (from designing to presenting the design solution). One advantage of this
approach is that it does not simply claim that engineering is complex; it also identifies how the
complexity occurred and was managed. The ethnographic approach can describe the
engineering design process with realistic and authentic illustrations.

4. Discussion – Your assignments, we will discuss these questions in the class.
●
●
●
●
●

According to Lasser, what are the six steps of the engineering method?
Why is there a variety of design process models?
Do you agree with the view from “engineering design as applied science”? Explain why
you agree or disagree?
What are wicked problems? What are the characteristics of wicked problems?
What are the benefits of the ethnography approach to engineering design?

In-class: Problem identification & ideation
Design requirements
Your team defines a problem situation and solves it using your knowledge and skills. The design
problem can be identified from everywhere including COVID-19, student learning, NAE Grant
Challenges, STEM education, or issues in your daily lives. In order to define the problem
situation, the class will provide techniques to identify problem such as “what is the matter?”
“who is the client?” and “who is the end user?” Then, you will be required to present a design
solution using at least one of an advanced technology including Arduino or 3D printing. As you
develop your project, you will need to document all the processes of designing on your online
portfolio platform with notes and reflections.

Problem Identification
In problem definition, you should begin with identifying a problem you will explore in your
capstone project. The design problem can be identified from everywhere including COVID-19,
NAE Grant Challenges, STEM education, or issues around your daily lives.

Recommended Technique: Mind map (or concept map)
A mind map is a diagram used to visually organize information. A mind map is hierarchical and
shows relationships among pieces of the whole. It is often created around a single concept,
drawn as an image or a word, in the center of a blank page, to which associated representations
of ideas such as images, words and parts of words are added. Major ideas are connected
directly to the central concept, and other ideas branch out from those major ideas. There are
several tools that support an online collaboration while drawing a Mind map, but in this class,

the instructor recommends using Google Slides as a collaborative platform. Your group leader
creates a Google Slides and shares it with your group members after changing sharing
permission.

Research the Problem
Next you should further discuss your problem. A big question you can start with is
What about the current situation is unsatisfactory?
In order to identify the unsatisfactoriness of the problem, we can use the User Scenario method.

The User Scenarios Method

●

●
●
●
●

Use a product or service yourself, but in an aware and critical frame of mind. This is
called a User Trip. User Trip is to use the product or service in a deliberate way and note
down your reactions.
The essential part of user trips is that as a whole process, you critically observe the
product or service.
Use the product or service and report everything that you experienced. Your report can
include your actions, impressions, ideas and thoughts.
If you are working in a group, your group can assign each member a different role such
as A as customer, B as operator, C as maintenance person, D as designer, and etc.
Read: User Scenarios (article)

Report: Problem Identification
Write a brief summary of your problem. Below is the grading criteria.
●
●
●
●
●

Problems should matter. It is worth solving in terms of social, economic, environment,
safety, or equity.
Problem is specific, challenging, and can be investigated given available resources,
Written description of the problem. Attach your process documents. e.g.) mind map,
scenario report.
Due 11/15.
Use Google Docs Template
○ Title Page, Introduction (optional, fill out later), Problem Identification, (potential)
Impact of the Project

Avoiding Free riders in Group Project
In order to prevent free riders in the group project, this class will administrate peer evaluation
two times in Weeks 12 and 15. The evaluation tool has ten items and scores through 1-5 each
item. The results of the peer evaluations will be reflected on your final project score as
an average of 45~50: you will get 100 % of your group points
40~45: you will get 90 % of your group points
35~40: you will get 80 % of your group points
30~35: you will get 70 % of your group points.
below 30: you will get 50 % of your group points.
1. Attended every group meeting (both in and out of class).
2. Contributed greatly to the construction of the report.
3. Did his/her homework; brought data to the group as assigned.

4. Participated in the organization of the report’s content/layout.
5. Shared his/her perspectives/opinions during group discussions.
6. Assisted in the editing/proofing/revising of the group report.
7. Helped resolve group conflicts that arose.
8. Took a leadership role in the group’s interpersonal dynamics.
9. Completed his/her fair share of the workload.
10. Was a positive influence on the group.
Google Group Evaluation Form

Week 11
Date 11/16
●

Topic: Capstone design 2

Pre-class
Watch: The Power of Product Design to Fundamentally Change Human Experience | Dylan
Horvath | TEDxMcMasterU video (YouTube) explaining experiential design.
Questions
●
●

What invention impressed you in the video?
What design strategies did you presenter use to design his products?

In-class: Ideation & solution development
Report out
●
●

Split your group into two. Share your problem identification to other group members and
collect feedback with circulating Rounds 1 & 2.
Rules
○ Grouping
○ Each Round
■ Presenters present your problem identification in two minutes.

○
○
○
○

■ Collect feedback for three minutes.
Round 1 (5 minutes)
■ A1 -> B2, B1 -> C2, A2 -> C1
Round 2 (5 minutes)
■ C2 -> A1, B2 -> A2, C1 -> B1
After Round 2, go back to your original group and share the feedback collected
from Rounds 1 & 2.
All feedback and group discussion should be documented.

Brainstorming
Brainstorming is one of the most widely known creative methods. This is a method for
generating a large number of ideas, most of which will subsequently be discarded. The role of
the group leader in a brainstorming session is to ensure that the format of the method is
followed, and that it does not just degenerate into a round-table discussion. When
brainstorming, group members must have a clear understanding of the problem statement
which will not lead to vague ideas that are of no practical use.
●

●
●
●
●
●

The problem can often be usefully formulated as a question, such as “How can we
improve on X?” In brainstorming there are certain roles that must be followed by all
group members.
No criticism is allowed during the session
A large quantity of ideas is wanted
Seemingly crazy ideas are quite welcome
Keep all ideas short and snappy
Try to combine and improve on the ideas of others.

Synectics
Analogical thinking helps us become creative thinkers. We all have an ability to see parallels or
connections between apparently dissimilar topics. The use of analogical thinking has been
formalized in a creative design method known as “synectics”. Synectics is a group activity in
which criticism is ruled out, and the group members attempt to build, combine and develop
ideas towards a creative solution to the set problem. There are several techniques that can be
used in Synectics.

Direct analogies
usually found by seeking a biological solution to a similar problem. Velcro fastening is one
example of this approach.

Personal analogies
The team members question what it would be like to use oneself as the system or component
that is being designed. You can use these questions: What would it feel like to be a

smartphone? How would I operate if I were CAD software? How would I feel if I were Siri, a
virtual assistant?

Symbolic analogies
We can use poetic metaphors and Emojis to relate the aspects of the thing being designed.

Design Heuristics
●
●
●
●

Developed by a design research group to inspire design ideas.
Design Heuristics website
Facilitate creative ideation through design analogy using specially created analogy
cards.
How to use
○ Bring your design idea
○ Shuffle the cards, then draw one.
○ If the card looks like it is associated with your design idea, then find the back side
of the card.
○ If not, draw one another.

Experiential Design
Watch: This is Learning Experience Design video (YouTube)
Experiential design is a design approach that is designing products and services to shape the
customer experience. Whenever someone interacts with your product or service, he or she
forms an impression. Good experiential design influences this impression. Experiential design
pays attention to what customers see, think, and feel when they encounter your product or
service. Every single customer touch point influences the way consumers feel about what you’re
offering. Karla Gutierrez presented characteristics of experiential design.
●
●
●
●
●
●

It is a holistic, interdisciplinary approach.
Built around principles and practices that expressly ensure that the learning journey is
enjoyable, engaging, relevant, and informative.
It focuses on both content and user experience.
Experiential learning is at the heart of Experiential Design.
It takes a human-centered approach. You have to understand your audience and their
unique needs before you design the course.
Experiential Design takes into account the realities of learners including the environment
where they are learning.

Your assignments
●

Idea Exploration (100 pts)

●
●
●

Describes multiple aspects of design solutions based on your group ideations and
research.
Complete on the template: Ideations, Design Strategy, Division of tasks among team
members (if needed), timeline showing dependencies and major testable milestones.
Due 11/25

Resources
Why Experiential Design is More Important than Ever, by Tucker Trotter (2017).
Learning Experience Design: An Overview and 11 of the Best Resources, by Karla Gutierrez
(2021).

Week 12 – Capstone design: building solutions 1
Date 11/23
●
●
●

Topic: Capstone design 3
In-class: Develop the selected solution
Assignment: Project progress report on online portfolio

Pre-Class
Rapid Prototyping Methods by Google. (updated at 3:52 pm 11/23/2020)
Watch: Rapid Prototyping: Sketching | Google for Startups video (YouTube)
Discussion:
●
●

What prototyping methods presented in the video?
Why the Google engineer prefer paper prototypes to a digital form at the initial stage of
designing?

In-Class

Evaluating Alternatives
When a range of design ideas has been created, you will need to have a next important step
which is selecting alternatives. In your project document, you may have various alternatives
solutions or features. For selecting alternative, engineers sometimes use ‘intuition’ by
experience, gut, arbitrary decision. However, it is better if a choice can be made by rational,
logical, and reasonably sound manners.
When evaluating alternatives, you should begin with your design goal by considering the
objectives that the design is supposed to achieve. The evaluation assesses the overall ‘value’
and ‘utility’ of a particular design idea with the respect to the design problems and objectives
(Cross, 2008)
Before you start selecting alternatives, you will need to clarify
●
●
●

What is your design goal?
What are your design criteria (requirements)?
What are the design constraints (limitation)?

Weighted Objectives Method
This method provides a means of assessing and comparing alternative designs using weighted
objectives. It assigns numerical weights to design requirements and numerical scores to the
anticipated or tested performances of the alternative design ideas.
Warning: In this process, you will give a score for each design idea but the numerical operation
cannot be applied to the quality of the design solution. For example, when you gave score ‘3’ to
idea A and ‘9’ to idea B. This cannot be interpreted that idea B is three times better than idea A.

Procedure
1. List the design objectives:
1. Review your design criteria (requirements), constraints, and other measures.
2. In stating your design objectives, include multiple aspects such as safety,
economics, user and other related factors.
3. At first, we will focus on quantitative assessment, so your objectives should be
written in this manner.
2. Rank-order the list of objectives:
1. Some of objects may be considered to be more important than others.
2. Use the Pair-wise comparisons

3.
4. Example sheet:
https://docs.google.com/spreadsheets/d/13ZJQHJFQQQXJYTnMnjtGaeLoheh6Y
5dIjmU0yQBYxoY/edit?usp=sharing
3. Assign relative weightings to the objectives
1. Use an interval scale (1-5, 1-10, or 1-100).
2. Assign each alternative to a relative weight in the scale.

3.
4. Convert the rank-order scale into an interval value scale.

5.
4. Establish performance parameters or utility scores for each of the objectives
1. Determine how to give the weighted scores to each objectives.
2. Develop a scale.
3. Example for Objective E

■ Poor – 1
■ Fair – 2
■ Moderate – 3
■ Good – 4
■ Very good – 5
4. Example for B
■ Far below average – 1
■ Below average – 2
■ Average – 3
■ Above average – 4
■ Far above average – 5
5. Example for C
■ Inadequate – 1
■ Weak – 2
■ Satisfactory – 3
■ Good – 4
■ Excellent – 5
6. You can consider the evaluation in terms of both quantitative and qualitative
5. Calculate and compare the relative utility values of the alternative designs
1. Multiply each parameter score by its weighted value.
2. The best alternative has the highest sum value
3. Do not determine the best solution sorely by the scores.
4. Your group will need to discuss based on the scores rather than simply choosing
the ‘best’

Examples

1.

2.

Alternative methods & examples
Object Tree Method
Provide a clear and useful format for such a statement of objectives.
1. Prepare a list of design objectives.
2. Order the list into sets of higher-level and lower-level objectives.
3. Draw a diagrammatic tree of objectives.

4.

5.

Evaluating Alternatives with Objective Tree Method
1. Each triangle has an objective (top), true value (bottom left), and relative value (bottom
right)
2. In each layer, the sum of the true values is 1.0.
3. A relative value can be obtained by multiplying the true value and the parent’s relative
value. e.g.,) O111’s relative value is 0.5 x 0.67 = 0.335 ~= 0.34
4. In a branch, the sum of relative values is the parent’s relative value

5.
6. Final relative weights can be obtained from the terminal relative weights.
7. example

1.

Mock-up Design
●
●
●
●

How to realize your design solution? How to test your solution?
What tools and building materials do you need?
What computerized tools can we use?
What strategies does help rapid-prototyping?

Rapid prototyping
Watch: Innovation 101 E4: Prototyping & Testing - Physical Products video (YouTube)

Materials strategies for engineering design
Watch: Materials Strategies for Engineering Design video (YouTube)

IDEO Method Card
IDEO Method Cards are a tool to showcase methods we use to inspire great design and keep
people at the center of our design process. Each of the 51 cards describes one method and
includes a brief story about how and when to use it. The card examples will be provided in the
class.

Post-Class
●

Assignments
○

○

Idea Exploration (100 pts)
■ Describes multiple aspects of design based on your ideations and
research outcomes.
■ Considers multiple metrics that align with each criterion and constraints
and justifies selection of the most valid metrics.
■ On the template, Ideations, Design Strategy, Division of tasks among
team members (if needed), time line showing dependencies and major
testable milestone.
Due 11/25 (Wednesday)

○
●

No Submission Required. Instructor will access your shared group document.

Next steps
○
○
○
○
○

Design Prototype (100 pts)
Addresses the problems identified at the problem identification stage.
Considers realistic constraints and issues.
Effectively work to help vulnerable people.
Due 12/7 (Monday)

Week 13 – Capstone design: building solutions 2
Date 11/30
●

Topic: Capstone design 4

Pre-Class
●

Review your design project and plan for prototyping

In-class: Develop the selected solution
Design a Prototype (100 pts)
1. Build a prototype.
2. The prototype should include
○ verification of key functions
○ visual representation of your solution
○ illustration of user experience
○ design requirement – use Arduino
3. The prototype can be a form of
○ Computer simulation (CAD + scenario)
○ Rapid-modeling
○ 3D printed modeling
○ Others
4. With the prototype, you should be able to see if your solution addresses the problem
requirements and constraints identified at the problem identification stage.
5. Test your solution if it effectively work to help vulnerable people.

Post-Class:
●
●
●
●

In your group, develop a plan to implement your team solution.
Be prepare for prototype and final presentation.
Prototype due
○ Dec 7th
Final project due
○ Dec 14th

Week 14 – Capstone Design: Documentation
Date 12/7

In-Class Discussion
Summary
●
●
●
●
●
●
●
●

Identify real-world problems that need to be solved using technological and engineering
design.
Conduct design research to inform inventions and innovations that address specific
needs and wants.
Develop a plan that incorporates knowledge from science, mathematics, and other
disciplines to design or improve a technological product or system.
Use conceptual, graphical, virtual, mathematical, and physical modeling to demonstrate
the design solution.
Develop design solutions using advanced technological tools to solve the identified
problem.
Apply a broad range of making skills to their design process (not implemented)
Assess design solutions using design criteria and constraints.
Document the engineering design process using an online portfolio platform and share
the final design to the public.

Thinking about Engineering Design
●

What is Engineering?
○ Koen (2003) mentioned the characteristics of engineering that include change,
resource, best, and uncertainty. What kinds of characteristics have you
experienced during your project?
○ Bucciarelli (2003) described engineering design is a social process. Did you find
this feature?
○ Petrosky (2006) mentioned failure is a nature of engineering. Do you agree to
this?

●

●

Position to Engineering
○ Engineering as Applied Science? (Hubka, 1983. p. 9)

○
○ Engineering as Problem Solving?
○ Engineering as Human Nature? (Ethnography)
Engineering Design Process
○ Conceptual Design (Clarkson & Eckert, 2004, p. 5)

○
○

Interactive Engineering Design Process (Cross, 2008)

○
○

○
○

Engineering Design as a Mental Process (Benami & Jin, 2002, p. 5)

Engineering Design in the Technology Classroom
■ Gagne’s Nine Instruction Events (Gagne, Briggs, & Wager, 1992)

■

■
■
Engineering Design Process Model (ITEEA, 2006)

■

■
Engineering Design Inquires (Sung, 2018)

■

Self-Reflection
●
●

What are the first thoughts about this overall project?
What did I learn?

●
●
●
●
●
●
●
●

Were my milestones and goals mostly met, and how much did I deviate from them if
any?
What were some of my most challenging moments and what made them so?
How well did I and my team communicate overall?
How well did I and my team collaborate overall?
What would I do differently if I were to approach the same problem again?
What moments was I most proud of my efforts?
How can I better support and encourage my teammates on future projects?
How will I use what I’ve learned in the future?

Project Content for the final project
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

Do not need to include all chapters, but recommended
EDU 4480 Capstone Project Table of Content
Cover Page: Title, Team members and number, Course Name, Date
Table of Contents
Abstract
Introduction
Problem Formulation
Impact of the Project
Analysis
Design Strategy (Include options considered, ones selected, and alternatives for risk
reduction)
Division of tasks among team members
Timeline showing dependencies and major testable milestones
Cost (Show total cost and cost to project in separate columns if different, eg. because of
borrowed or donated items)
Conclusion
Your reflection (Individual)
Appendices (eg. catalog copies, spec sheets, etc.)
References

Student Evaluation of Teaching
●
●
●
●

Emails will be sent from Scantron to student’s campus email address.
Emails will be sent from:
i. Sender Name: NYC College of Technology Course Evaluations
ii. Address: SPSSurveys@scantron.com

Peer Evaluation
●

Evaluate your group members. If you have three members, you need two evaluations.

●

Link: https://forms.gle/nhRdKUDgPynFYWjQ7

Final Submission
●
●
●

Topic: Capstone design 5
In-class: Develop the selected solution
Project Final due Dec 7 11 pm
○ Individual submission.
○ Items
■ Solution model & demonstration.
■ Presentation PPTs
■ Project document. Download from your Google doc and convert into the
MS-Word format.
○ Submit through Blackboard – Principles of Engineering – Assignment – Final
Project.
○ After submitting, you should upload your project document to your Open
Portfolio.

Week 15 – Capstone design: final presentation
Date 12/14
●
●

●

Topic: Final Presentation
Presentation rules
○ Each team will be given 10 minutes of presentation time and 5 minutes of
following Q & A session.
○ Team will be required to present effectively.
○ Watch the TED video “The secret structure of great talks” by Nancy Duarte.
○ Team members will be required to dress professionally. (will not be enforced in
distance learning)
○ Read article “How to dress professionally”: Business Dress Core Basics, by
Linda, Southern New Hampshire University.
Evaluation
○ This course was elected as a key course of City Tech’s General Education
(GenEd) which assesses quality of educational service to enhance student
learning. This course has been focused on Lifelong learning skills which include
curiosity, initiative, independence, transfer, and reflection. Please rate your
classmate’s work using the rubric below. The rubric was developed by
Association of American Colleges and Universities (AACU).
○ Foundations and Skills Lifelong Learning Value Rubric Download (PDF, 386KB)
○ EDU 4480 Term Project Presentation survey

Readings
Making
●

●

Laser Cutter Learning Resources
Getting started with the Epilog Laser Cutter
https://www.instructables.com/lesson/Getting-Started-With-the-Epilog-Laser-Cutter/ How
to use Laser Cutter https://www.instructables.com/id/How-to-Use-a-Laser-Cutter/ 10 Tips
and Tricks for Laser Engraving and Cutting https://www.instructables.com/id/10-Tipsand-Tricks-for-Laser-Engraving-and-Cutting/ Operating Epilog Laser Cutter
Safety and Operation for Laser Cutter
Visit the site article describing safety and operation on Instructables.com. Full Spectrum
Laser Cutter Safety and Operation Before you use laser cutter, you should be aware of
essential safety guidelines. Only operate the machine while an instructor is in the room.
Never leave the laser cutter unattended. Only cut materials approved by your instructor.
Keep the lid closed at all times, unless […]

Engineering Design
●

●

●

●

What is Engineering Design Process?
What is Engineering Design Process? Why are there so many design process models?
The research trend on the engineering design process has changed depending on the
perspective of engineering. In the middle of the 20th century, research on engineering
design process conducted in terms of applied science. Since the 1980s, some
researchers viewed engineering as […]
Engineering Design Process and Pedagogy
These K-12 engineering and technology education design process models have similar
structures and procedures (Katehi, Pearson, & Feder, 2009). The table below compared
the design process models developed for K-12 engineering and technology education.
Some models explicitly note that the design process can vary depending on the grade
and the subject. Design processes for young […]
The Engineering Design Process in K-12 Education
Various engineering education programs have been developed for K-12 students, and
most of the programs have adopted engineering design as the primary teaching and
learning method. The Infinity Project (http://www.infinity-project.org) was started in 1999
by Southern Methodist University’s Lyle School of Engineering and Texas Instruments.
The project partnered with the U.S. Department of Education, the […]
Types of Engineering Design Process Models
The different goal of the design process yielded different approaches. Cross (2000)
presented various design process models by its purposes, including descriptive,
prescriptive, and interactive models. The descriptive models are based on the solution-

●

●

●

●

focused nature of the design process. The purpose of the models is to identify the
significance of generating a solution concept. These […]
Nature of Engineering Design
Often people call engineering as one discipline, but it consists of multiple sub-majors,
and the each major has distinct characteristic natures. Ethnologists Latour and Woolgar
(1986) described engineering tasks as follows: “One area of the laboratory contains
various items, apparatus (section A), while the other contains only books, dictionaries,
and papers (section B)” (p. 45). […]
What is Engineering Design?
In the field of engineering, design has a special meaning. Engineers design to solve
problems using a systematic and intelligent processes. This process is called
engineering design. Dym et al. (2005) noted: “Engineering design is a systematic,
intelligent process in which designers generate, evaluate, and specify concepts for
devices, systems, or processes whose form and […]
What is Design?
Hales and Gooch (2004) noted, “Design is something that we all do one way or another,
and we all think we could have designed things better” (p. 4). The term design is used as
a verb for making or planning something and as a noun for a plan or product.
ITEA/ITEEA (2000/2003/2007) used the term […]
What is Engineering?
The term engineering is derived from the classical Latin ingenero, which means to
implant, generate, or produce something (Feinberg, 1967). It is not clear when people
started using the concept of engineering, but the Oxford English Dictionary (n.d.)
describes the origin of the term engineer as “denoting a designer and constructor of
fortifications and weapons.” […]

